The use of asbestos in manufacturing is a world-wide phenomenon, not just con®ned to the developed world. The activity described below shows that there are similar problems in the third world which need to be tackled. A sample of white ®brous material used in pot making by women in a village of Botswana was provided for analysis. The identi®cation of ®bres was carried out using established analytical and vibrational microspectroscopic methods. The occupational hygiene implications and the measures which may need to be taken in order to improve the safety of the pot making process are discussed in this article. #
INTRODUCTION
A whitish light ®brous material is used in pot making by local crafts people in and around a village in Botswana (Fig. 1 ). Some European visitors had suggested that the white material might be asbestos and may be hazardous to the health of the users. The women of the village predominantly make the pots and it was acknowledged that some family members (mother, sister and aunt of those questioned) may be suering from lung diseases, possibly asbestos related.
The ®brous material is dug from the ground using picks and shovels, at a site some 4±5 km from the village. It is pounded in a mortar and then winnowed using a winnowing basket. The potter sits on the ground, with a mat between her outstretched legs. The pounded material is repeatedly thrown into the air separating the granular lumps from ®ne powder, which falls onto the mat held on the lap of the potter. The potter is surrounded by dust, coughs frequently, and her face is usually covered with powder. The process takes approximately 30 min and is carried out every other day, depending on the number of pots to be made. The winnowed material is mixed by hand with a reddish brown loamy soil, broken o from termite hills to produce a clay which is shaped into pots, dried and ®red.
These processes are carried out in the open, in an area also used for domestic cooking, with children playing close by. No precautions are taken to avoid breathing in the airborne ®bres, apart from the potters occasionally covering the nose and mouth with a head scarf. The ®nished pots are sold to tourists and other buyers.
When the possible hazards were explained to the potters, they asked for the material to be analysed in a suitable laboratory. The objective of the investigation was to determine what type of asbestos, if any, was present. (This work was carried out during a program of work on the development of Raman spectroscopy for the analysis of asbestos. It was then validated by established analytical methods.)
A sample of the un®red clay containing the winnowed material was obtained and after separation from the loam was analysed by polarised light microscopy (PLM), Scanning Electron Microscopy (SEM), Energy Dispersive X-ray analysis (EDX) and infrared and Raman microspectroscopy. 
METHODS
For infrared analysis, a small amount of sample was crushed between diamond windows in a compression cell. The spectrum was obtained using a Nicolet 5 DXC FTIR spectrometer coupled with a Spectra-Tech IR-PLAN research grade microscope in transmission mode. The area of interest was de®ned using``redundant apertures'' above and below the sample.
For PLM analysis, the analytical method used was the established Method for the Determination of Hazardous Substances`Asbestos in bulk materials' (Health and Safety Executive, 1994) .
For SEM analysis, the ®bres were mounted on stubs with double-sided adhesive tape and coated with gold. They were examined using a Leica S430 SEM, 10 Kv accelerating voltage and 10 picoamps probe current.
The EDX analysis was carried out on uncoated ®bres at 20 Kv accelerating voltage and 600 picoamps probe current.
For Raman analysis, the sample was prepared by collecting material on a cellulose ®lter. The reference tremolite ®bres provided by the Health and Safety Laboratory were placed between a quartz slide and a quartz window. These reference ®bres came from Saltworks Mine, Death Valley, San Bernadino County, California, U.S.A. and contained small amounts of calcite and talc. The Raman spectra were obtained on a Renishaw Ramanscope 2000 spectrometer coupled with an Olympus BH2 microscope. The instrument was ®tted with a Peltier cooled charge-coupled detector (CCD), a grating (1800 grooves/mm) and a Holographic Notch Filter. A Â100 (numerical aperture of 0.95) and Â50 objective (numerical aperture of 0.8, short working length) were used to collect the Raman spectra of individual and bundles of ®bres. The instrument was set up with a slit open to 50 mm and a CCD area of 15 Â 576 pixels. The Raman spectra were excited with the 632.8 nm line of a He/Ne laser.
RESULTS
The infrared spectrum (Fig. 2) shows intense absorption bands at approximately 1100 cm À1 and 800 cm À1 and is indicative of Si±O±Si stretching, characteristic of a silicate mineral (Marconi, 1983) .
A small amount of the sample was then examined under a stereo-zoom microscope. It was found to be mainly composed of ®brous material, white and silky in appearance. The analysis by polarised light microscopy shows that the white ®bre bundles are either tremolite or anthophyllite asbestos (Tylee et al., 1996) . The white colour suggests that the ®bres may be tremolite asbestos, because South African commercially mined bulk anthophyllite is yellowish in colour and slightly pleochroic when viewed under polarised light.
The SEM micrograph shows straight ®bres (Fig. 3) characteristic of amphiboles. The EDX analysis (Table 1) , showing signi®cant amounts of calcium and magnesium, suggests that the ®bres are either ®brous actinolite or ®brous tremolite, since chrysotile, crocidolite, amosite and ®brous anthophyllite do not possess (or contain only a small amount of) calcium. The atomic ratio of magnesium to silicon in the ®bre is approximately 1:2 as is that of tremolite, compared with 1:3 in actinolite, 1:4 in amosite, 5:4 in chrysotile and 1:7 in crocidolite. The relative proportion of the individual type of asbestos varies from source to source. The accuracy of the ratio estimation by EDX is about 20%.
The Raman spectra collected on an individual ®bre of 2 mm in diameter, as well as on a bundle of ®bres, were compared with the Raman spectrum of Microscopic identi®cation of asbestos ®bres associated with African clay crafts manufacture 139 tremolite reference (Fig. 4) . The spectra were obtained after subtraction of the cellulose ®lter spectrum and the baseline. Smoothing with the Savitsky Golay function (degree 2, 9 points) was also applied to the spectrum of the ®bre having a diameter of 2 mm (spectrum 2, Fig. 4 ). Both spectra, have an intense band at 672 cm À1 (corresponding to the Si±O±Si stretching mode) as well as less intense bands at 1057, 1027, 928, 410, 391, and 368 cm
À1
. These are characteristic of asbestos tremolite ®bres (Bard et al., 1997; Blaha and Rosasco, 1978) . However, the spectrum of actinolite reported in the literature is very similar to the spectrum of tremolite (Wang et al., 1988) .
DISCUSSION
By a combination of PLM, SEM-EDX and Raman microscopy, we are able to deduce that the white ®brous material was asbestos, more speci®-cally tremolite.
There are no speci®c regulations in Botswana pertaining to occupational exposure to asbestos ®bres (Factory Inspectorate, Department of Labour and Social Security, Botswana). In the absence of speci®c regulations the guidance is provided by South African ones (Republic of South Africa, 1987) . These are similar to those found in the U.K. The Control of Asbestos at Work Regulations (CAWR) in the U.K., have established a 12 weeks limit of 48 ®bres-hours per ml for the asbestos and 96 (72 from 1 January 1999) for serpentine (i.e. chrysotile) (CAWR, 1987) .
This study was not intended to measure or estimate the exposure to respirable airborne ®bres. However, the process of pounding and winnowing would be expected to produce substantial respirable ®bres. The use of tremolite asbestos, obviously ± ± 1 ± ± 0.5 ± ± Fe 1.5 5 11 2 0.4 ± 9 0.4 Ca 5 4 ± ± ± ± ± 5 Al ± 1 ± ± 0.5 4 ± 0.5 Na ± ± ± ± ± ± 5 ± Fig. 4 . Raman spectra ®bres in comparison with tremolite reference.
(1) bundle of ®bres using a Â50 objective, total exposure time* I 530 s; (2) ®bre of 2 mm of diameter, using the Â100 objective, total exposure time* I 1200 s; (3) bundle of tremolite reference ®bres, using the Â50 objective, total exposure time* I 275 s. *calculated from the formula (Dyer and Smith (1995) ): T tot I (1+total scan range/average static window length) Â T ex ; with T ex , the exposure time.
fairly pure and highly ®brous, without any controls must be a cause for great concern for the health of the local people and to a certain extent for visitors to the production area (Doll and Peto, 1985) . It seems prudent to bring the likely risks to their health to the attention of the villagers, others engaged in similar production processes and to the relevant authorities. As with the previous use of asbestos in production processes in industrial countries, asbestos is a useful material that ®nds its way into many production processes. It is important, in these situations, to balance the likely loss of livelihood of the villages with the risks to their health, particularly when they face poverty and a range of diseases which shorten life expectancy. However, it should be possible to reduce the risks by applying sensible and practical solutions. It is suggested that the various strategies that may be applied are:
1. Education of the villagers about the risks and the likely controls to reduce airborne dust concentrations. 2. Substitution of the asbestos with another material, or changing the production process to eliminate the need for ®bres to be added. 3. Controls on the generation of the airborne ®bres.
Modify the production in such a way as to reduce airborne generation and exposure; that is, wet the material and separate it from other people and processes. 4. Wear respiratory protection. Suitable protection may be given by the issue and training on the use of disposable respirators. However, in an African subsistence village, this is not likely to be practicable in the long term.
There is also a consideration for the health of the purchasers of the pots. While there would be little risk to them if the pots are undamaged, abrasion of them and, of course, breakage would release ®bres. Many people would not wish to own products containing amphibole asbestos, and may even be breaking the law by importing these into countries which prohibit the importation of amphibole asbestos.
It is hoped that by bringing this issue to the attention of the occupational hygiene community and the Botswanan authorities that we may promote a debate about possible strategies to be adopted in these situations, and avoid the exposure to asbestos of workers/villagers engaged in these types of indigenous industries.
